Determination of Organic Impurities in Lignocellulosic Bioethanol Product by GC-FID  by Styarini, Dyah et al.
 Energy Procedia  32 ( 2013 )  153 – 159 
1876-6102 © 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of the Research Centre for Electrical Power and Mechatronics, Indonesian Institute of Sciences.
doi: 10.1016/j.egypro.2013.05.020 
International Conference on Sustainable Energy Engineering and Application  
[ICSEEA 2012] 
Determination of organic impurities in lignocellulosic 
bioethanol product by GC-FID  
Dyah Styarinia,*, Yosi Aristiawana, Fauzan Auliaa, 
Haznan Abimanyua, Yanni Sudiyania 
a Research Center for Chemistry , Indonesian Institute of Sciences, , Kawasan Puspiptek , Serpong, Indonesia 
 
Abstract 
In recent, production of bioethanol in Indonesia is produced primarily from sugarcane molasses and cassava as the 1st 
generation. But related with its development, it is quite hard to be a major feedstock in bioethanol conversion because 
there is conflict in using between consumption food and energy resources. Due to abundant lignocellulose biomass 
resources in Indonesia, such as empty fruit bunch (EFB) of oil palm, sugarcane bagasse and other forrest residue, the 
research in the development of process for 2nd generation bioethanol production is being increase. This case can be a 
right solution to solve the problem because lignocellulose is unused material. Processing of lignocellulosic biomass 
into bioethanol consists of four major unit operations: pre-treatment, hydrolysis, fermentation and product 
separation/distillation. Although ethanol is the dominant alcohol produced in the fermentation of sugars process, there 
are some byproducts in bioethanol product, such as organic impurities, water and organic acid. Determination of the 
impurity is important to prove the quality of produced bioethanol. Some of the impurities is not allowed in the 
product, such as methanol and others organic, that should be limited to control the performance from bioethanol as 
substituted fuel. Organic impurities of the bioethanol product was analyzed by using GC-FID while the water content 
was analyzed by using Karl Fischer Coulometric Moisture Titrator. In this research, the lignocellulosic bioethanol 
analyzed for the moisture content and organic impurities was undenatured one. The water content of the bioethanol 
sample was analyzed in 7 replicates where the average was 0.1776%-w (% RSD 2.0460). There are eight compounds 
of organic impurities detected in GC-FID that are acetaldehyde (0.0217%-w) , acetone (0.0102%-w), ethyl acetate 
(0.0368%-w), methanol (0.0224%-w), isopropyl alcohol (0.0035%-w), n-propyl alcohol (0.0188%-w), isobutanol 
(0.0437%-w) and isoamyl alcohol (0.0377%-w).  
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1. Introduction 
Based on Presidential Regulation No. 5/2006, promoting utilization of renewable source of energy 
such as biofuel, solar energy, wind energy, ocean wave, current energy, and geothermal is one of National 
Energy Policy besides energy efficiency and conservation, optimization on energy production, reduction 
on subsidy on fuel price and reduction of energy elasticity [1]. Those strategies are designed to fulfilled 
domestic energy supply security. Indonesia saw biofuels as one of the key instruments for accelerating 
economic growth, alleviating poverty, and creating employment opportunities while also, under Kyoto 
Protocol, mitigating greenhouse gas emissions. The government had set up goals of reaching 2% biofuels 
in energy mix by 2010, growing to 3% by 2015 and 5% by 2025 [2,3].  
Prior to 2006, the only production of ethanol was for industrial purposes. After the enactment of 
Presidential Regulation No. 5/2006, the country began producing bioethanol at 0.3, 1, 1.2 and 1.72 
million liters in 2006, 2007, 2008 dan 2009 respectively. However, the production of bioethanol was drop 
by 0.72 liters in 2010 [4]. In recent, production of bioethanol in Indonesia is produced primarily from 
sugarcane molasses and cassava, as 1st generation. But related with its development, it is quite hard to be a 
major feedstock in bioethanol conversion because there is conflict in using between consumption food 
and energy resources.  Due to abundant lignocellulose biomass resources in Indonesia, such as empty fruit 
bunch (EFB) of oil palm, sugarcane bagasse and other forest residue, the research in the development of 
process for 2nd generation bioethanol production is being increase [5]. This thing can be a right solution to 
solve the problem because lignocellulose is unused material. The bioconversion of cellulose and hemicellulose 
to monomeric sugars for example carbohydrates with 5 and 6 carbons is harder to accomplish than the 
conversion of starch. Processing of lignocellulosic to Bioethanol consists of four major unit operation: 
pre-treatment, hydrolysis, fermentation and product separation/distillation [6]. Additional process that is 
dehydration process is necessary for obtaining the fuel grade ethanol.  
In this research, EFB of oil palm was used as raw material to be processed to produce bioethanol fuel 
grade. Several standards have been established in some countries to control the quality of fuel grade 
bioethanol.  In Indonesia, there is a national standard for denatured bioethanol for biofuel that is briefly 
described in SNI 7390:2008. Based on the SNI 7390:2008, the specification for the concentration of fuel 
grade bioethanol undenatured is minimum 99.5%-v [7].  
Although ethanol is the dominant alcohol produced in the fermentation of sugars process, there are 
some byproducts in bioethanol. The main byproducts of ethanol production from lignocellulose are lignin 
and other byproducts are organic acids and fusel oils or higher order alcohols. Depending on the resources 
used, the important components of fusel oils might be isoamyl alcohol, n-propyl alcohol, n-butyl alcohol, 
isobutyl alcohol, sec-butyl alcohol, active amyl alcohol, and n-amyl alcohol [8,9]. The amount of fusel 
oils in the fermented broth depends on the pH of the fermentation [8]. The presence of pentose leads to 
production of furfural, which degrades rubber or elastomeric seals [9].  
The presence of byproducts in the bioethanol product can decrease the purity of the bioethanol itself. 
Some of the impurities is not allowed in the product, such as methanol and others organic, that should be 
limited to control the performance from bioethanol as substituted fuel. In order to determine the purity of 
the lignocellulosic bioethanol, some organic impurity, inorganic impurities and the water content in the 
lignocellulosic bioethanol product have to be analyzed. The analysis of organic impurities such as 
acetaldehyde and fusel oils can be carried out by using GC-FID, while the determination of organic acids 
and furfural can be done by using HPLC system. The water content of the fuel grade ethanol can be 
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analyzed by Karl Fischer. The purpose of this research is to determine the organic impurities in 
lignocellulosic bioethanol by using GC-FID.  
2. Methodology 
2.1. Bioconversion process of EFB palm oil to fuel grade ethanol 
Empty fruit bunches (EFBs) of oil palm fiber as raw material was collected from an oil palm plantation 
belongs to PT Perkebunan Nusantara VIII, in Pandeglang, Banten, Indonesia. The EFB was dried by sun 
shine and then chopped and hammer-milled to particle size 1-3 mm. The pretreatment, saccharification, 
fermentation, destillation and dehydration process were carried out in pilot scale. Pilot scale was 
manufactured by Changhae Ethanol CO., LTD., Jeonju, Korea and the pretreatment process designated as 
Changhae ethanol Multi Explosion (CHEMEX). Enzyme cellulase (Novozyme) 34 FPU and enzyme -
glucosidase (Novozyme) were employed in enzymatic sachharification. Process of fermentation carried 
out for 72 hours by employing Saccharomyces cerevisiae yeast, at temperature of 32ºC and pH 6-5. The 
fermented broth need to be further processed to obtain pure ethanol trough distillation and dehydration 
process. The Pressurize Swing Absorption (PSA) technique with molecular sieve type 3Å was used in 
dehydration process.  
2.2. Analytical method 
2.2.1. Water content analysis  
Karl Fischer Coulometric Moisture Titrator (KEM MKC-501) was used to measure micro amount of 
water content which presence in lignocellulosic bioethanol sample. In the Karl Fischer moisture content 
measurement, water reacts with iodine and sulfur dioxide in the presence of base and alcohol. In this 
measurement, 25 μL of bioethanol sample was taken by using syringe, weighed and then injected into the 
titration cell where iodine and water react for coulometric titration.  
2.2.2. Organic impurities analysis 
The qualitative and quantitative analysis of organic impurities was carried out by using GC-FID 
(Agilent 7890) and employing capillary column DB-WAX (30 m x 530 μm x 1 μm) for separation. The 
injector port and detector temperature were kept at 250o C and 300o C respectively. The oven temperature 
was programmed from 40o C for 3 min and was then followed by 4o C/min ramping to 180o C and held for 
2 min. The Nitrogen gas was used as carrier gas. The flow rate of carrier gas was set at 2 mL/min. The 
injection mode was set in to split mode with split ratio 50 : 1 and injection volume of the sample was 0.3 
μL. 
For qualitative analysis, 10 standard solutions of organic compounds that might be presence in the 
sample were analyzed one by one to obtain the retention time of each components. Those 10 standard 
solutions were acetaldehyde, acetone, methanol, ethyl acetate, n-propyl alcohol, isopropyl alcohol, 1-
butanol, 2-butanol, iso-butanol and isoamyl alcohol. The quantitative analysis were done through 
normalization method as recommended by ASTM [10].  
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3. Result and discussion 
3.1. Water content of lignocellulosic bioethanol product 
The dehydration process by using molecular sieve dehydration utilizing integrated pressure swing 
adsorption (PSA), was carried out  to remove water as much as posible from the bioethanol product. In 
this research, the lignocellulosic bioethanol analyzed for the moisture contet and organic impurities was 
undenatured one. It is very important to verify the analytical instrument first to get the information of its 
performance. A Hydranal water standard 1.00, reference No. 34828 which has water content of 1.010 
mg/g (expanded uncertainty = 0.005 mg/g, k=2) was analyzed in 10 replications. The average result from 
10 times analysis was 1.010 mg/g with relative standard deviation (RSD) of 1,6%. This showed Karl 
Fischer in good performance. The water content of the bioethanol sample was analyzed in 7 replicates 
where the average is  0.1776%-w with 2.0460 %RSD as shown in Table 1. In order to quantify amount of 
organic impurities, we have to know exactly the mass fraction of bioethanol that analyzed in GC, without 
water, because water can not be detected in GC-FID.  
3.2. Organic impurities detected in the lignocellulose bioethanol product 
Based on some literature that described about the compounds might be exist in the bioethanol product, 
10 standard solutions of organic compounds were injected to the GC-FID one by one to obtain the 
retention time for each compounds. The mix standard solutions was also analyzed to see the separation or 
selectivity of the column for those 10 compounds. The organic components other than ethanol in the 
bioethanol product were identified by comparing their retention times to the ones identified by analyzing 
standards under identical condition. The chromatogram of standard mixture can be seen in Fig.1 while the 
retention time (Rt) obtained of each compounds that will be used in qualitative analysis of bioethanol 
product was shown in Table 2.  
Table 1. Water content of lignocellulosic bioethanol sample 
Replication 1 2 3 4 5 6 7 Average sd %RSD 
%-w 0.1730 0.1813 0.1771 0.1778 0.1784 0.1733 0.1826 0.1776 0.0036 2.0460 
Table 2. Retention time of 10 standard solutions of organic compounds 
No. Compound Name Molecular Formula Rt  (min) 
1. Acetaldehyde C2H4O 5.107 
2. Acetone C3H6O 6.915 
3. Ethyl acetate C4H8O 8.640 
4. Methanol CH4O 8.990 
5. Isopropyl alcohol C3H8O 9.908 
6. 2-Butyl alcohol C4H10O 13.074 
7. n-propyl alcohol C3H8O 13.577 
8. Isobutyl alcohol C4H10O 15.398 
9. 1-butyl alcohol C4H10O 17.352 
10. Isoamyl alcohol C5H12O 19.595 
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Fig 1. Chromatogram of standard solutions mixture of 10 organic compounds 
 
Fig 2. Chromatogram of lignocellulosic bioethanol product 
Analysis result of lignocellulosic bioethanol product showed that the product containing small amount 
of acetaldehyde, acetone, methanol, ethyl acetate, isopropyl alcohol, n-propyl alcohol, isobutyl alcohol 
and isoamyl alcohol, as seen in Fig. 2. The amount of fusel oils in fermented broth depends strongly on 
the pH of fermentation. Another compounds such as acetaldehyde and trace amounts of other aldehydes 
and volatile esters are usually produced during fermentation process [8].  
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Table 3. The concentration of organic impurities in lignocellulosic bioethanol identified by GC-FID with standard deviation in 
parentheses 
No. Compound name Concentration (%-w) 
1. Acetaldehyde 0.0217 (0.00219) 
2. Acetone 0.0102 (0.00056) 
3. Ethyl Acetate  0.0368 (0.00096) 
4. Methanol 0.0224 (0.00126) 
5. Isopropyl alcohol 0.0035 (0.00020) 
6. n-propyl alcohol 0.0188 (0.00098) 
7. Isobutyl alcohol 0.0437 (0.00227) 
8. Isoamyl alcohol 0.0377 (0.00179) 
 
For the quantitation of organic impurities concentration, relative mass percent of the individual alcohol 
was determined first and then the mass percent of the individual alcohols was then calculated by using 
equation 1 [10,7].  
100
%100 WxRMM ii   (1) 
where:  
Mi  : mass percent of the individual alcohol being determined. 
RMi : relative mass percent of the individual alcohol. 
%W : mass percent water in sample. 
The bioethanol sample was analyzed in five replicates to see the reproducibility of the result. The 
smallest concentration of organic impurity detected was isopropyl alcohol (0.0035 %-w), while the 
highest concentration of organic impurity detected was iso butyl alcohol (0.0437 %-w). The concentration 
of each organic impurity in the bioethanol product can be seen in Table 3.  
The total concentration of organic impurities detected in GC-FID was 0.1950%-w. Methanol and 
higher alcohol levels are also controlled in bioethanol product. Methanol is held to low limits due to its 
corrosive properties [11]. In SNI 7390:2008 about Denatured Bioethanol for Fuel, amount of methanol 
was limited maximum on 0.0236%-w. Based on this, we can accept that the produced bioethanol from 
lignocellulosic biomass is the standard product in Indonesia. The others impurity, such as higher alcohols, 
have to be determined and controlled to ensure the purity of ethanol still in high level. SNI set the 
minimum value of ethanol purity for 99.5%-w. From the analysis, it is safe for the produced bioethanol to 
have the required purity with total impurity (water and organic) 0.3727%-w. Inorganic impurity is still in 
study to measure the value, but some of literatures showed the value not too significant. 
4. Conclusion 
The water content and organic impurities of undenatured lignocellulosic bioethanol derived from EFB 
oil palm have been determined by Karl Fischer and GC-FID. The water content of the product was 
0.1776%-w. The organic impurities detected in GC-FID were acetaldehyde, acetone, methanol, ethyl 
acetate, isopropyl alcohol, n-propyl alcohol, isobutyl alcohol and isoamyl alcohol. The total concentration 
of organic impurities detected in GC-FID was 0.1950%-w. The profile of impurity is substantial to show 
the quality of bioethanol that we produced. Some of standards ruled the related parameters as the quality 
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control, such as Indonesia with SNI 7390:2008. Based on the SNI and result analysis, the product of 
lignocellulosic bioethanol is suitable with the requirements that showed the methanol in low level 
concentration. The organic impurities found in this fermentation product still save the bioethanol in high 
level purity. 
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